This paper studies a resource allocation method based on power optimization for singlecell multi-user downlink Massive MIMO wireless communication system with energy harvesting function. The proposed method uses a ZF precede for precoding. Under the premise that the noncausal knowledge of the energy harvesting process is available, the base station only uses renewable energy to provide the energy required for the system to operate. The relationship between power and system throughput is derived with consideration of both battery capacity constraints and energy causal constraints. Through the Varangian dual method, resource utilization is optimized. The simulation results show that the proposed algorithm tends to converge with fewer iterations.
Introduction
As a key technology of 5G, Massive MIMO opens a new direction for wireless communication. Massive MIMO introduces a spatial domain compared to the traditional system using time domain or frequency domain for resource sharing between different users. The base station uses a large number of antennas for synchronization processing, thus achieving dozens of gains in both spectral efficiency and energy efficiency.
With the continuous development of the communication industry, energy issues and environmental pollution problems have become increasingly prominent. With the continuous development of the communication industry, energy issues and environmental pollution problems have become increasingly prominent. In the process, green energy has attracted much attention because of its cleanliness and sustainability. As a key technology to support green communication, energy harvesting technology is favored by the industry. At present, regarding the application of energy harvesting technology in wireless communication, many related research topics have appeared in the international scope.
Massive MIMO technology brings huge system energy consumption while improving spectrum efficiency. Therefore, the research combining Massive MIMO system and energy harvesting technology is of great significance. 
Where A is the K M  precoding matrix, n is a noise vector, and its elements are independent and identically distributed complex Gaussian random variables with mean zero and variance 0 N , G is
g  G is the channel coefficient between the mth antenna of the BS and the kth user, which can be written as
Where km h is the fast fading coefficient of the mth antenna of the BS to the kth user. k  models geometric attenuation and shadow attenuation. Since the distance between the user and the BS is much larger than the distance between the antennas, the value of k  varies very slowly over time, so it is assumed to be independent on m and constant over many coherent time intervals, and is known. 
Where k p and i p are the downlink transmission powers allocated to users k and i ,respectively.
Low-complexity zero-forcing (ZF) beamforming, i. e.
  -1 H H A = G GG
is adopted in our system since this linear beamforming strategy has been shown to be near optimal in case of massive MIMO configuration. As a result, k GA = I ,i.e., 1 k i  g a when i k  and 0 otherwise. Then the achievable rate of the kth user can be simply given by
Therefore, the total system capacity of a single-cell multi-user Massive MIMO system is expressed as
Energy Harvesting Model under Fading Channel
The energy harvesting model under the fading channel is shown in Figure 2 .Assuming that the energy arrives and the channel change occur in countable time instants, which can be indexed by   
Assuming that the energy collected at the energy arrival time i is i E and stored in the battery, since the battery capacity is limited, if the energy of collecting i E is greater than the available space of the battery at that time, the battery is charged to the maximum capacity, and the remaining energy will be lost and wasted.
Due to the particularity of energy harvesting, power allocation strategies are subject to causal constraints on energy arrival and limited battery capacity. The energy causal constraint means that the system cannot consume unreached energy at any time, and the energy consumed cannot exceed the total energy collected up to the current time; the battery capacity constraint means that the energy queue length should not exceed the maximum capacity of the battery.
Fig. 2 EH and channel fading models
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Offline Optimization
Then the multiuser throughput maximization problem can be formulated as: It can be known from equation (8) that the problem is a convex optimization problem. It can be known from the convex optimization theory that the optimal solution to the dual problem is the optimal solution of the original problem. Therefore, equation (8) can be solved by the Lagrange dual problem. First, define the Lagrangian function of the above optimization problem as:
Where  , are the Lagrangian multiplier vectors corresponding to the constraints c1, and c2, respectively. Therefore, the dual optimization problem is as follows: By the KKT conditions we can get:
The corresponding circuit power drawn from the energy harvester is given by 
Based on the energy management priority, the harvested energy is first used to provide the energy required by the base station to transmit data, with the remainder being used for circuit power consumption.
Update the Lagrangian multiplier by the subgradient method:
 is the iteration update step size and t is the number of iterations. In summary, the proposed offline power allocation algorithm can be described as shown in Table 1 : and the equal power allocation algorithm. As shown in the figure, the system throughput increases with the number of antennas; and the performance of the offline algorithm is better than the average power algorithm. The main reason is that the equal power allocation algorithm satisfies the service requirements of the worst users. The algorithm fully considers the channel difference between the user and the base station, and can make a reasonable power allocation according to the optimization algorithm.
Simulation and Results Analysis

Summary
This paper based on the single-cell multi-user Massive MIMO downlink communication system, studied the offline resource allocation algorithm and maximizes the system throughput under the condition of energy causal constraints and battery capacity constraints. Through simulation analysis, the proposed algorithm can achieve optimal performance with fewer iterations. In the next research work, the online power allocation problem will be further considered.
